Structural modifications of natural (-)-(Z)-β-santalol have shown that the sandalwood odor impression is highly sensitive, even to small structural changes. Particularly, the substitution of the quaternary carbon is of great influence on the scent. Epi-compounds with side chains in the endo-position possess sandalwood odor in only a few derivatives, whereas modifications at this side chain, as well as modification at the bicyclic ring systems mostly lead to a complete loss of sandalwood fragrance.
The bicyclic sesquiterpene alcohol (-)-(Z)-β-santalol [(-)-1] is the character impact compound of East Indian sandalwood oil, which is highly priced in the perfume industry on account of its powerful, long lasting woody odor. Studies on structure-activity relationships (structure-odor relationships) of sandalwood odorants have been widely performed in the past and it was recognized that the sandalwood odor is rather sensitive to structural details. Many synthetic modifications of the natural lead compound, β-santalol, have been performed varying the side chain as well as some structural changes at the bicyclic system, e.g. extension to a tricyclic system. A certain distance between a bulky aliphatic residue and a secondary hydroxyl group (or in some cases a keto function) has been postulated to be important for the typical sandalwood scent [1] . In particular, the stereochemistry of the carbon atom, to which the aliphatic chain is alkylated, has been detected as a rather important and sensitive center of sandalwood odor molecules. In the present study we investigated the influence of the stereochemistry of this quaternary carbon atom on the sandalwood odor tonality.
In some limited cases the optical isomers of sandalwood odorants have been separated. Selected examples are given in Figure 1 , and their odor impressions are summarized in Table 1 . (-)-(Z)-β-Santalol [(-)-1] shows pronounced sandalwood odor, in contrast to (+)-1, its optical antipode. The same is true for compounds 2 and 3, which show that the sandalwood odor impression is strictly sensitive to the stereochemistry at the quaternary carbon atom 5.
In the case of Fleursandol ® (3), eight enantiomers have been isolated ( Figure 2 ) and their fragrance determined. Neither the stereochemical position of the hydroxyl group nor that of the methyl group of the aliphatic chain leads to the loss of sandalwood scent. It is the geometry of carbon atom 5 where the side chain is alkylated, which is highly important for the odor impression. Other odors could be observed for the antipode derivatives, but definitely no sandalwood odor note, which proves that the "wrong" stereochemistry at position 5 leads to a less favorable association at the odorant receptor site.
For this selectivity a rather large ring system seems to be necessary: The antipode of monocyclic Madrol ® (4) still possesses weak sandalwood odor.
If the aliphatic side chain is endo-positioned, in most cases no sandalwood odor impression can be observed [13, 14] , although some epi-compounds (e.g. (+)-7) very well exhibit the characteristic sandalwood odor, at least to some extent [13, 15] .
In order to investigate the influence of the bulky aliphatic residue, which to the best of our knowledge
has not yet been done for epi-analogs of β-santalol, it seemed interesting to extend the bicyclic ring system. As could be observed for Fleursandol ® (3), extension of the bi-to a tricyclic ring system leads to a strong sandalwood odor. The same ring-structure can be found with sandalwood odorant 6. However, the resulting compound 8 (synthesis and confirmation of the structure described in this paper) does not show any sandalwood odor tonalities. Due to this, the enantiomers were not additionally separated.
From the literature summary and the subsequent synthesis a general principle for sandalwood odor impression of campholene derivatives could be derived. The stereochemistry of the quaternary carbon atom has to be (-), if a bulky residue (bicyclic ring system) is located at this particular center. The geometry of the side chain is not as important; modifications may lead to changes in the intensity and the tonality of sandalwood odor, but the basic scent remains. Endopositioning of the side chain leads to complete loss of sandalwood fragrance, except for a small number of compounds where the stereochemistry at the quaternary carbon is (+). Modification of the side chain diminishes the sandalwood odor intensity; modifications at the bulky residue seem to induce a complete loss of sandalwood odor.
Experimental
Chemistry: As a starting substance, octahydro-4,7methano-inden-5-on (tricyclo[5.2.1.0.(2,6)]decan-8one) was used, which could be α-alkylated with 1bromo-4-methylpent-3-ene , prepared according to Julia et al. [16] , using Li-cyclohexyl-isopropylamide (CIPA) as the base system [17] . In a second alkylation step, 10 was α-methylated leading to ketone 11 [17] . In accordance with Cory et al. [18] , the attack by the electrophilic alkylating agent specifically occurred from the exo direction moving the side chain to the endo position.
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Hydroxylation of the double bond could be achieved with a mixture of trimethylamine N-oxide, pyridine, water, t-butanol, and osmium tetroxide. The last was used as a catalyst, according to a method described by Ray and Matteson [19] . To avoid decomposition of the quite unstable diole 12 on the stationary phase during CC, it was used for the next reaction step without further purification. The alcohol function was confirmed by IR-spectroscopy.
Access to the aldehyde function of 13 was provided by the Malaprade reaction, adding NaIO 4 in 2N H 2 SO 4 to a stirred mixture of 12 in ethanol at 40°C. As mentioned above, the unpurified residue containing the unstable aldehyde 13 was used for the next reaction step. Successful conversion to the aldehyde function was verified by GC/MS and IR spectroscopy.
The Horner-Emmons variant of the Wittig reaction usually shows a preference for formation of the more stable E-olefins. However, in this case, reaction of 13 with electrophilic triethyl 2-phosphonopropionate and the strongly dissociated base system [20] of Na-bis-(trimethylsilyl)-amide/18-crown-6 at -80°C in anhydrous THF yielded a mixture of Z-14 and its Eisomer in a ratio of approximately 2/1. Due to the rather low reaction yield and the high interest in Z-14, purification of the E-isomer was disregarded. In the 1 H NMR spectrum, the signals due to 1-H (high resolved singlet, δ 4.01), and the two proton signals due to the exocyclic double bond 9'-H, each as highly resolved singlets (δ 4.63 and 4.88 ppm), could easily be identified. As already described in previous publications [22] , the proof of the existence of the Z-alcohol could be given by the 1 H NMR spectrum: the allylic proton of the side chain (3-H) forms a triplet and could be found characteristically upfield shifted in the region about δ 5.24, in comparison to the same signal of the E-isomer. Additionally, the stereochemical position of the side chain was ascertained by NOE measurement: irradiation of the angular methyl group C-10' resulted in a positive influence on the CH 2 -bridge (C8'). Thus, the methyl group C-10' is in an equatorial position and the aliphatic side chain axial (Figure 3 ).
Experimental protocols:
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6-(4-Methylpent-3-en-1-yl)octahydro-5H-4,7methanoinden-5-one (10):
Stappen et al. 13 C NMR (50 MHz, CDCl 3 ): 17.6 (C-6'), 25.8 (C-5'), 25.9/26.2/28.1/31.2/ 31.7/32.0 (6 x CH 2 ), 39.9 (C-7), 42.5/42.9 (C-3a, C-7a), 52.3 (C-4), 55.2 (C-6), 123.7 (C-3'), 132.1 (C-4'), 219.9 (C-5). MS: m/z (%) = 232 (M + , 4), 164 (4), 150 (12) , 93 (4), 91 (7), 82 (100), 79 (11), 67 (11), 55 (6), 41 (17) . C 16 H 24 O (232.37). -6-(4-methylpent-3-en-1-yl)octahydro-5H-4,7-methanoinden-5-one (11) 
6-Methyl

6-(3,4-Dihydroxy-4-methylpentyl)-6-methyl-octahydro-5H-4,7-methanoinden-5-one (12):
A mixture of 11 (450 mg, 1.8 mmol), trimethylamine N-oxide (462 mg, 4.2 mmol), pyridine (0.17 mL), water (1.25 mL), and tbutanol (4.16 mL) were treated with osmium tetroxide (1.66 mg in t-butanol) as a catalyst. After 24 h of reflux, the solution was allowed to warm to RT and NaHSO 3 (20%, 1.67 mL) was added. The residue was saturated with NaCl, extracted with diethylether, dried (MgSO 4 ), and evaporated. The resulting dark yellow oil (400 mg crude product) was directly used for the next reaction in order to avoid decomposition. Alcohol 12 was confirmed by IR analysis. IR (NaCl, liquid film): 3445, 2950, 2866, 1738, 1654 1468, 1374, 1168, 1069 cm -1 . C 17 H 28 O 3 (280.41). Methyl-6-oxooctahydro-1H-4,7-methano-inden-5-yl)propanal (13) : A solution of NaIO 4 (0.3 g, 1.4 mmol) in 2N H 2 SO 4 (7.5 mL) was quickly added with heavy stirring to a mixture of 12 (0.4 g, 1.4 mmol) in ethanol (20 mL) at 40°C. After 10 min. the solution was cooled to 15°C and treated with water to dissolve the Na 2 SO 4 -precipitate, followed by extraction with diethylether. The combined ether layers were washed (Na 2 S 2 O 3 -solution), dried (MgSO 4 ), and evaporated furnishing 300 mg of yellowish oil. Again, to avoid decomposition and substance loss, the crude product was used for the next reaction step. The aldehydefunction of 13 was confirmed by IR analysis. IR (NaCl, liquid film): 2949, 2866, 2721, 1739, 1658, 1465, 1374, 1168 
3-(5-
Ethyl (2Z)-2-methyl-5-(5-methyl-6-oxoocta-hydro-1H-4,7-methanoinden-5-yl)pent-2-enoate (14):
Ethyl (2Z)-2-methyl-5-(5-methyl-6-methyleneoctahydro-1H-4,7-methanoinden-5-yl)pent-2-enoate (15):
In an argon atmosphere, (Z)-14 (0.12 mg, 0.4 mmol) dissolved in absolute THF (5 mL) was cooled to 0°C, mixed dropwise with Tebbe-reagent (1 mL, 0.5M in toluene), and stirred at 0°C for 3 h and at RT for 12 h. After quenching with a 1:1-mixture of diethylether/CH 3 OH the solution was filtered through a layer of Celite ® /Al 2 O 3 (1:1) and washed with diethylether. The solvent then was evaporated yielding 0.19 g of dark red oil. This raw product was used for the Structure-activity relationship of sandalwood odorants Natural Product Communications Vol. 5 (9) (2Z)-2-Methyl-5-[(5S)-5-methyl-6-methyleneoctahydro-1H-4,7-methanoinden-5-yl]pent-2-enol (8) : A solution of crude 15 (0.19 g, 0.6 mmol) in 5 mL anhydrous CH 2 Cl 2 was cooled to -78°C in an argon atmosphere and slowly mixed with DIBAH (7 mL, 1 M solution in n-hexane). The resulting mixture was stirred overnight at RT, then again cooled to -20°C and hydrolyzed with a mixture of MeOH/H 2 O (0.3 mL, 1:1), and stirred for another 3 h at RT. Afterwards, the solution was mixed with Celite ® , filtered over Celite ® , washed with ethyl acetate, and evaporated. The residue, a brownish oil, was purified by PTLC (light petroleum/ethyl acetate 9:1) yielding, in total, 40 mg [21% calculated from the Z-ketoester (14)] of 8. 
IR (NaCl
